A series of 7I spontaneous temperature-sensitive mutants of vesicular stomatitis virus (type INDIANA) have been isolated in chick embryo cells (Flamand, I97O). In addition, i75 induced mutants have been isolated from a different wild-type strain propagated in BHK 2I cells (Pringle I97ob). These mutants have been classified into complementation groups independently.
INTRODUCTION
Two series of temperature-sensitive (ts) mutants have been isolated by us independently from differently derived strains of the INDIANA serotype of vesicular stomatitis virus (VSV) (Flamand, I969, 197o; Pringle, I97oa, b) . Both wild-type strains had been cloned repeatedly before use. Seventy-one ts mutants have been isolated in Orsay from a wild-type stock of VSV propagated in chick embryo cells. This stock exhibited a frequency of spontaneous ts mutants of 2. 3 ~o, and all 71 mutants were isolated directly without the use of mutagenic agents. The permissive and restrictive temperatures in this system were 30 and 39.8 ° respectively. The other series of ts mutants was isolated in Glasgow from a wild-type stock of the INDIANA-C strain of VSV, which had been adapted to multiply in BHK 21 clone ~3 cells. The frequency of spontaneous ts mutants in this stock was estimated to be approximately o.7%, and most of the I75 mutants were obtained after treatment with 5-fluorouracil, which was shown to be a potent mutagen in this system. The permissive and restrictive temperatures in this case were 3I and 39 ° respectively.
It was shown in both systems that genetic complementation was efficient and that the phenomenon could be used to classify the mutants genetically. The 7I spontaneous Orsay mutants fell into five mutually complementing groups, and the W5 induced Glasgow mutants into four mutually complementing groups. In both systems the mutants were distributed unequally between the groups. The five Orsay groups contained 58, 4, 4, 3 and 2 mutants, respectively, and the four Glasgow groups I5I, ~5, 2 and I, respectively.
The homology of these two sets of mutants was a question of immediate concern. It seemed likely that the two majority groups might be homologous. The frequency of the mutants in the remaining groups, however, provided no clue to their homologies. Complementation experiments have therefore been carried out to substantiate the inferred homology of the majority groups and to establish the homologies (if any) of the remaining groups.
METHODS
Virus. Mutants ts 5, ts 23, ts 45, ts 52 and ts Ioo (or ts III) from the Orsay collection represented the five Orsay groups, and mutants ts 1 I, ts 22, ts 3I and ts 4I from the Glasgow collection represented groups I to IV in the Glasgow classification.
Complementation experiments in chick embryo cells. These were carried out according to the method of Flamand (I 97o) . Monolayers in Leighton tubes were infected at multiplicities between 2 and Io, and adsorbed for I hr at 4 o°. The infected monolayers were subsequently incubated for 24 hr in a water bath at the restrictive temperature which in these experiments was reduced to 39"5. The 24-hr yields were assayed at the permissive temperature (3 o°) and the results expressed as complementation indices.
Complementation experiments in BHK 2I cells. These were carried out according to the method of Pringle 097ob). Monolayers in 3o ml. screw-capped bottles were infected at a multiplicity between 5 and ~o. The inoculum was washed out after 30 min adsorption at 4 °. The culture were then incubated totally immersed in a water bath at 39 ° for 8 hr-a period equal to twice the length of the latent period. The 8-hr yields were assayed at the permissive temperature and the results expressed as complementation indices.
CompIementation index. For any pair of mutants, this is the ratio of the yield obtained from a mixed infection at the restrictive temperature, to the sum of the yields obtained from self infections at the restrictive temperature. In each case the yields are assayed at the permissive temperature. Values greater than one indicate complementation, whereas values of one or below indicate failure to complement.
RESULTS

Complementation in chick embryo cells
Preliminary experiments showed that the Glasgow mutants could not be propagated indefinitely in chick embryo cells (Table I) . Two effects were observed: an increase in frequency of wild-type revertants, and loss of ability to complement. Consequently, the inoculum for the compiementation test was the first passage of the Glasgow ts mutants in chick embryo cells. The results of complementation experiments carried out in chick embryo cells are given in Table 2 . The complementation indices obtained with the Glasgow mutants in chick embryo cells were lower than in BHK 2I cells (Table 4 ). Nonetheless, the results are unambiguous in most cases, notwithstanding the high yield in the self-infection of ts 52 (Orsay). The stock of ts 52 used in these experiments differed from that originally used by Flamand (I97o) .
ts 5 (Orsay) complemented all the Glasgow mutants except ts I l, and therefore would belong to group I in the Glasgow nomenclature.
ts 23 (Orsay) complemented all except ts 31 (Glasgow) and therefore would belong to group III. ts 45 (Orsay) complemented all except possibly ts 22 (Glasgow) and therefore would correspond either to group II or a fifth group not represented in the Glasgow system. The results of complementation tests in BHK2I cells (Table 4 ) clearly indicate the latter.
ts 52 (Orsay) would therefore correspond to group II, because the lowest complementation index was obtained in mixed infection with ts 22 (Glasgow). IS I I I (Orsay) complemented all except ts 41 (Glasgow) and therefore would correspond to group IV. 
Complementation in BHK 2I cells
The stability of the Orsay mutants in BHK 2I cells has not been studied. These mutants were used in complementation tests after a single passage in BHK zI cells. Since the restrictive temperature used in the BHK 21 system was lower than in the chick embryo system, tests were carried out at 39.8 ° (the restrictive temperature for the Orsay mutants), 39 ° (the restrictive temperature for the Glasgow mutants), and an intermediate 39.5 ° .
Neither the Orsay nor the Glasgow mutants complemented efficiently in BHK 2i cells at 39.8 °. At 39.5 ° the Glasgow mutants did show complementation, but the performance of the Orsay mutants was hardly improved (Table 3 ). Significant complementation was obtained in both control groups in the test carried out at 39 ° (Table 4 ).
The results in Table 4 clearly indicate that ts 52 (Orsay) corresponds to ts 22 (Glasgow, group II), ts 23 (Orsay) to ts 3I (Glasgow, group 110, ts 1II (Orsay) to ts 41 (Glasgow, group IV), while ts 45 (Orsay) belongs to a fifth group not represented among the Glasgow mutants.
The Orsay mutant ts 5 would have been expected to correspond to ts I I (Glasgow, group I), but this mutant failed to complement with both ts I I (Glasgow, group I) and ts 41 (Glasgow, group IV). Since it had been observed that complementation between ts I I and ts 41 was more efficient at 38.5 ° (C. R. Pringle, unpublished observations), a further test was carried out at this temperature to resolve the discrepancy. Table 5 shows that ts 5 (Orsay) still did not complement ts 4I (Glasgow) in BHK 2I cells. Since ts 5 (Orsay) did complement ts 41 (Glasgow) in chick embryo cells, however, it is reasonable to assume that ts 5 (Orsay) corresponds to group I. 
DISCUSSION
There is substantial agreement between the results obtained in chick embryo and BHK 2 r cells, despite difference of experimental procedure, restrictive temperature, wild-type strain and host cell. It is apparent that four of the five groups of spontaneous mutants are homologous with the four groups of induced mutants. The fifth group is not represented among the induced mutants. These homologies are further substantiated by current work in both laboratories which suggests that the physiological characteristics of the corresponding groups are similar. Furthermore, although the efficiencies of complementation were low in some combinations, assays at the restrictive temperature confirmed that the mechanism was complementation, not recombination.
A discrepancy is the failure of ts 5 (Orsay) to complement ts 4~ (Glasgow) in BHK 2I cells. Two additional Orsay mutants (ts 4, ts Io7) in the ts 5 group have been tested against the Glasgow mutants in BHK 2I cells. It was found that both behaved as regular group I mutants, i.e. unlike ts 5 (Orsay) they were able to complement ts 4I (Glasgow) at a restrictive temperature of 39 °. The behaviour of mutant ts 5 (Orsay) may therefore be unique. Indeed, ts 5 was initially considered to be a double mutant (Flamand, I969) . Alternatively there may be some overlap between these two groups in the two systems. It is perhaps relevant that mutants in these two groups do not synthesize RNA at the restrictive temperature (Lafay, ~969; Pringle, Wunner, Duncan, in preparation) and they may affect interrelated functions of the virus genome. This question can be resolved only by a more extensive survey of mutants in these two groups.
The experiments in chick embryo cells were carried out with the assistance of Mlle. Dominique Part; and the experiments in BHK 2I cells were carried out with the assistance of Miss Mary Stevenson. We thank Professor J. H. Subak-Sharpe for reading the manuscript.
